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Open aContext: Developing a theory of agile technology, in combination with empirical work, must include
assessing its performance effects, and whether all or some of its key ingredients account for any perfor-
mance advantage over traditional methods. Given the focus on teamwork, is the agile technology what
really matters, or do general team factors, such as cohesion, primarily account for a team’s success? Per-
haps the more speciﬁc software engineering team factors, for example the agile development method’s
collective ownership and code management, are decisive.
Objective: To assess the contribution of agile methodology, agile-speciﬁc team methods, and general
team factors in the performance of software teams.
Method: We studied 40 small-scale software development teams which used Extreme Programming
(XP). We measured (1) the teams’ adherence to XP methods, (2) their use of XP-speciﬁc team practices,
and (3) standard team attributes, as well as the quality of the project’s outcomes. We used Williams
et al.’s (2004a) [33] Shodan measures of XP methods, and regression analysis.
Results: All three types of variables are associated with the project’s performance. Teamworking is impor-
tant but it is the XP-speciﬁc team factor (continuous integration, coding standards, and collective code
ownership) that is signiﬁcant. Only customer planning (release planning/planning game, customer
access, short releases, and stand-up meeting) is positively related to performance. A negative relationship
between foundations (automated unit tests, customer acceptance tests, test-ﬁrst design, pair program-
ming, and refactoring) is found and is moderated by craftsmanship (sustainable pace, simple design,
and metaphor/system of names). Of the general team factors only cooperation is related to performance.
Cooperation mediates the relationship between the XP-speciﬁc team factor and performance.
Conclusion: Client and team foci of the XP method are its critical active ingredients.
 2013 Published by Elsevier B.V. Open access under CC BY license. 1. Introduction
Teamwork is increasingly considered vital in modern software
engineering. This belief is a central driver behind the agile develop-
ment movement, and organizing the work on a more collective ba-
sis and involving the client throughout the design process became
the hallmark of Extreme Programming (XP) [1] and other similar
methodologies. Core XP practices such as pair programming, col-
lective code ownership and short, frequent meetings are inherently
collaborative, while the nature of the workﬂow under agile meth-
ods implies a greater level of task interdependency and collective
ownership than traditional software development methods, which
emphasize individualized responsibilities and task allocation.
However, whilst greater collective actions should result from theccess under CC BY license. adoption of agile methods, the need for interdependent working
may place a premium on relationships that are cooperative, under-
pinned by trust, and free from destructive conﬂicts.
There is no guarantee that teams will even adhere to the XP
methods [2,3]. Equally, there is no guarantee that teams are cohe-
sive and work well together. Nominally all groupworking is team-
work, as formally deﬁned thus: ‘‘individuals who perform tasks in
an interdependent fashion to meet the goals of an organization,
and who can readily distinguish themselves from other work
groups’’ [4, p. 720]. But teamwork does not automatically arise.
Teams may not be able to achieve the required level of interdepen-
dent working or have the qualities that have been found to charac-
terize high-performing teams. We are thus likely to ﬁnd
considerable variation in the ﬁdelity in the use of agile methods
and degree of teamworking amongst software engineering teams.
This is a virtue for research purposes as it provides us with the
environment for natural experiments designed to assess the
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and teamwork. We can compare the effects of variability in adher-
ence to XP methods with those in the degree of teamwork. We can
thus establish whether it is adherence to the XP methodology per
se that is the main active ingredient in the success of XP software
development, or whether well-established team dimensions (e.g.
[5–8]) are more important to success, or ﬁnally if a combination
of these is what really matters.
Perhaps successful teamwork has a catalytic effect on the meth-
odology, enhancing the value of adherence to it; or alternatively,
adherence to an XP methodology will lead inevitably to groups fol-
lowing good teamworking principles or at least having high mor-
ale. Additionally if team characteristics are important in one way
or another, we would want to know if it is the general characteris-
tics of teams or the distinctive agile team processes, such as the
collective ownership of work, which are signiﬁcant.
In this paper we report research that uniquely attempts to eval-
uate the relative roles of agile techniques and more general team
factors in explaining differences in the performance of teams using
the XP agile method. This includes assessing whether XP’s core
techniques only work well when the essential requirements for
good teamwork are in place. The study is of 40 small commercial
development projects that involve student teams using XP to vary-
ing degrees of compliance. We looked at team characteristics and
eventual project outcomes to assess the relative role of XP tech-
niques, the teams’ general characteristics and their cohesiveness.
In so doing we are especially contributing to ﬁlling two main sub-
stantive gaps in the empirical software engineering literature on
process innovations that Mangalaraj et al. [3] identiﬁed: their
post-adoption performance and the role of teams in them. Such
issues are core to any theory of agile methods, as a vital element
of this must be its effect on the performance of individuals, pro-
jects and organizations.2. Conceptual background
2.1. Past research
Past literature on agile methods has concentrated on advocacy
(e.g. [9–11]), outlining its methods (e.g. [12,13]), or gauging reac-
tions to it from developers and customers (e.g. [14–16]). Evalua-
tions of these methods have concentrated on speciﬁc practices
such as collective ownership and coding standards [17] or most
notably pair programming (including [18–20]). Nonetheless,
Dybå and Dingsøyr [21] found 36 high-quality studies among the
initial wave of studies (2003–2005) that sought to evaluate aspects
of agile development systematically and holistically. These concen-
trated on the introduction and adoption of agile methods, human
and social factors, customer and developer perceptions, and com-
parative studies that assessed different development methods.
The studies within the human and social factors category con-
centrated on describing the characteristics of teams using agile
methods, and in most cases XP. Robinson and Sharp [22] highlight
the importance of shared responsibility and trust within the group
as contributing to what they observed to be effective extreme pro-
gramming. Young et al. [23] investigated the distribution of per-
sonality types required in XP teams. Such studies did not
systematically link team characteristics to performance nor com-
pare the relative importance of different dimensions of teams.
The studies most directly concerned with performance were in
the comparative group, as they compared agile with traditional
software engineering. Three out of four of these [24,14,25] found
XP was superior in terms of productivity as measured by lines of
code per hour, whilst in these and another study [26] quality
was also better. Again, none of these studies evaluated whethercertain features of agile methods have more effect on performance
than others.
Subsequently, Conboy [27] designed a study to isolate which
features contribute to agility, as he was concerned that some of
the methods associated with agile technology may not contribute
to agility or cohere as well as was envisaged. He asked members
of various project teams to rate the contribution of speciﬁc prac-
tices to a project’s agility. The practices that were less likely to
be seen as contributing to agility included on-site customers and
pair programming. But the relevance of teamwork to agility was
not explored in this research.
The motivation behind Conboy’s study was to develop a theo-
retical foundation for agile methods or at least to reduce its con-
ceptual shortcomings, since ‘‘agile method practice has led
research, with the creation, promotion, and dissemination of these
methods almost completely due to the efforts of practitioners and
consultants’’ [27, p. 329]. His concern is to develop a theoretical
foundation for agile methods, that is, an agile method rooted in
practices that are known to increase agility and hence performwell
in uncertain situations. Our concern with theoretical development
is similar but our starting point is different, as we take the agile
methodology as commonly espoused and investigate which ele-
ments of it contribute to the success of software engineering
projects.
2.2. XP software development
Our study is focused on the use of the XP approach to agile soft-
ware engineering and comparing the contribution its core ele-
ments make relative to general team factors in the performance
of software teams. We thus now introduce the XP methodology
and how we are measuring its components and those of the core
concepts of teams.
XP is a speciﬁc agile methodology for which the primary source
for identifying its main features remains the Agile Manifesto of
2001 [28]. The characterization of agile was based on what the
Manifesto’s authors detected to be common to the emerging less-
rigid approaches to software development. These practices were
identiﬁed largely in contrast to traditional methods that were char-
acterized as plan-driven and as dominated by requirements being
agreed at the outset, the production of on-going documentation,
and adherence to a highly speciﬁed plan of work.
The contrast between agile and plan-driven methods was char-
acterized in the Agile Manifesto by domination within agile meth-
ods of:
 individuals and teams over processes and tools,
 working software over comprehensive documentation,
 customer collaboration over contract negotiation,
 responding to change over following a plan.
Whilst labels such as its ‘‘individuals and teams dominating
over processes’’ sound glib – not least as processes are created
and followed by people – they capture key elements of the method
that the architects of the Agile Manifesto were trying to encourage.
Above all, agile methodology entails delivering software out-
puts in a number of stages, known as iterations, which are deliv-
ered into production, and this acts as a feedback mechanism on a
project’s performance. Through these iterations, agile methods
aim to deliver greater functionality as the frequent releases, cou-
pled with active client involvement, ensure that agile teams react
to any unexpected changes or correct problems arising from any
misunderstandings about the client’s requirements at any stage
of the project. The methodology also allows for uncertainty
in the client’s mind about the users’ requirements. The heavy
involvement of the client, coupled with pair programming and
Table 1
Four categories of XP practices.
Category XP practices contained
Foundations Testing Pair
programming
Refactoring
Customer
planning
Planning
game
Customer
access
Short releases Stand-up
meetings
Craftsmanship Sustainable
pace
Simple
design
Use of
metaphor
XP-speciﬁc
team factor
Continuous
integration
Coding
standards
Collective
code
ownership
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with plan-driven methods unnecessary [10, p. 75].
The vital importance of teams working to the agile methodology
is most apparent in the 12 principles that the Agile Manifesto also
outlines. Most salient is Principle 11 that ‘‘The best architectures,
requirements and designs emerge from self-organizing teams’’
[28]. Allied to this, Principle 6 stresses the efﬁciency and effective-
ness of face-to-face conversations within the team, and Principle 5
posits the need to build teams with self-motivated individuals and
give the teams and the individuals high levels of autonomy.
All software engineering typically involves working in teams
and some level of client involvement in the design of the project.
But the intensity and nature of both of these is assumed to be dif-
ferent in agile methods [29,30,9]. Typically under the plan-driven
method, individuals or teams work on one part of a larger project
and the teams operate in a hierarchical organization with manag-
ers controlling the design and distribution of tasks. Under agile
methods, teams will have autonomy over how they approach the
project and division of labor, though they may have a working lea-
der whose primary role is to coordinate and liaise with the rest of
the organization of which they are a part.
Nerur et al. [10, p. 25] thus conclude that the empowerment
and minimum individual role assignment of team members in
agile teams ‘‘enables them to self-organize and respond with alac-
rity to emergent situations’’. The client is nonetheless central to
gathering requirements and feedback on iterations [31, p. 78]
and to stimulating creative and innovative solutions rather than
formulaic applications of past solutions [32].
XP is an agile method that particularly emphasizes team pro-
cesses and ascribes responsibility for the output to the team, as
it prescribes three XP-speciﬁc team processes: collective coding
standards, collective code ownership and continuous integration
[1].
Collective standards requires that all developers write and main-
tain software code in a common and consistent form and thus pro-
vide a common base by which to understand units of code.
Collective ownership allows any member to change any part of
the software code at any time and encourages all members to take
responsibility for all the software code rather than, as in traditional
methods, to be responsible for just part of the whole. Continuous
integration entails continuous quality control as small pieces of
work are tested frequently to provide continuous feedback on
the project’s progress and to improve the quality of software, with
the expectation that it will reduce delivery time. It replaces the tra-
ditional practice of applying quality control only after completing
all development.
The team-based practices are three of 12 core XP practices as
deﬁned by Beck et al. [1], which Williams et al. [33] classify into
four categories (as shown in Table 1). The team-based practices
are given the name Teaming. The other categories are foundations,
customer planning and craftsmanship.
Foundations focuses on testing (unit, customer and test-ﬁrst),
refactoring (where code is redesigned without adding functional-
ity), and pair programming (where in its pure form two developers
work at one computer). Foundations is measured by ﬁve items:
automated unit tests, customer acceptance tests, test-ﬁrst design,
pair programming, and refactoring. Customer planning centers on
the involvement of the client in the planning and release of output
to them. It is measured by the use of the planning game (where the
customer helps to choose which functionality will be developed
next), customer access (also known as the practice of having an on-
site customer, is concerned with making it easy for developers to
ask questions of the customer), short releases (when the product
is delivered to the customer every two weeks or so), and stand-
up meetings (which should be a 10-min meeting each day). Crafts-
manship is concerned with sustainable pace (the team puts in aconsistent number of working hours), simple design (the imple-
mentation of the simplest possible solution to any problem), and
use of metaphor (a simple overall conceptualization of the pro-
posed system), and is measured by these practices.
These four categories have formed the basis of a measure of
adherence to XP developed by Williams et al. [33,34], see also
Krebs [35], and are known as the Shodan Adherence Survey. This
metric is seen by Williams et al. as vital for practitioners and
researchers to benchmark their use of XP, as well as providing a
useful tool for helping both to understand XP better.
The categories are particularly useful if we are to test the argu-
ment of proponents of agile methods [12] – and some of its detrac-
tors [36] – that sets of practices such as XP should be used as a
package, and not piecemeal. If it is the case that the practices of
XP are, as Stephens and Rosenburg say, like a ‘‘circle of snakes’’,
then when any practices are neglected the process as a whole is
likely to fail [36, p. 256].
On the surface there may appear to be tension between a pre-
scription that XP or other agile methods should be applied in their
entirety and agile’s encouragement of ﬂexibility [37]. If the tension
is real and is resolved through the ﬂexible adoption of a particular
agile approach we would then expect a great range of approaches
in practice such that almost anything that diverges from a rigid
plan-driven approach is agile. However, the phrase ‘agile method-
ology’ is then in danger of becoming meaningless. In our view any
tension is more imaginary than real, as agile practices are the
means to be ﬂexible throughout the development process in order
to achieve high quality, cost-effective solutions, particularly where
there are uncertain or changing customer requirements. In Hoda
et al.’s terms, ‘‘teams can cleave to the principles of Agile develop-
ment’’ [31, p. 78] even if they tailor their use of practices to the
context.
The use of a metric indeed carries an assumption that agile
methods can be speciﬁed at least to the extent that they can be
identiﬁed in use, particularly by adopters. This need not mean that
they are rigid rules but rather, using Ilivari and Maansaari’s [38]
characterization of the essence of software methodologies, they
are ideals, not necessarily highly prescribed sets of regulations.
Yet the assumption in using such a metric is that any tailoring of
these ideas maintains the integrity of the approach. For example,
that automatic testing is done, but that its form may vary so it is
compatible with the language of the software, or that team meet-
ings regularly occur though their timing will be consistent with the
demands of the project and the team’s extra-work commitments.
Nonetheless it is precisely because software engineering teams
may not use all the elements of an agile method to the full that
we can assess whether the degree of adherence affects the out-
comes of its work.
The implication of the principled or synergistic approach to agile
methodology is that the more practices a project has, the more
likely it will be successful and the greater the level of team perfor-
mance. But it may still be the case that some dimensions of XP
contribute more to the ﬁnal outcome than others. Metrics such as
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agile methods are superior by identifying whether the best per-
forming teams are adhering to the method and the poor performing
teams are those that do not follow it comprehensively. But metrics
also permit us to test if some practices are contributing to perfor-
mance differentials more than others while others perhaps are add-
ing little, so it makes no difference if teams discard them. There is
also the possibility that, when tested alongside general measures
of teamwork, the importance for performance of agile methods is
found to be subordinate to its associated teamworking. We now
consider the nature of teamwork and measures of it.
2.3. Teamwork
We treat Williams et al.’s [33] teaming element as the XP-spe-
ciﬁc team factor, and contrast this with general characteristics or
processes of teams that have been found in seminal psychological
research to be related to team performance. These general team
factors typically refer to team characteristics such as team cohesion,
cooperation and sharing of workload, which are found to varying de-
grees in all teams.
We follow the widely accepted approach to these factors, which
is the input–process–outcome model of team effectiveness [39,40].
Inputs are antecedent factors that enable members’ interactions,
and processes are the team’s interactions that are directed towards
task accomplishment. In Mathieu et al.’s terms, the inputs ‘‘com-
bine to drive team processes’’ [39, p. 412]. Outcomes are team-level
performance measures, but may include performance behaviors
such as team process improvements. Several characteristics of a
team, including its level of cohesion, can be considered as emer-
gent properties of the team’s interaction, which become part of
the input to it functioning effectively.
The input–process–outcomemodel is the foundation of a theory
of successful team performance. Campion et al.’s [41] classiﬁcation
of team inputs and processes remains the most widely accepted
and comprehensive conceptualization and operationalization of
the key factors for successful outcomes of teamwork. They identify
these factors through a review of literature on teams. It is these
that will form our conception of general team factors.
2.3.1. Team inputs
Campion et al. [41] identify three types of team input: the task
design, level of interdependence, and composition of the team. Of
the task design inputs, two are especially important in the context
of agile methods: (a) the degree of participation, the extent to which
all members participate in key task and process decisions in the
team, and (b) task variety, the extent to which members have vari-
ety in their work with concomitant chances to learn and share in
the most interesting tasks. These factors are widely assumed in
psychology to be associated with task performance as well as peo-
ple’s well-being [41–43].
The main form of interdependence is task interdependence,
which is concerned with the extent to which members of the group
depend on each other for the accomplishment of their work. It is
argued that task interdependence should be associated with higher
performance as it engenders a sense of collective responsibility and
the rewards accruing from the group’s accomplishments should be
greater. It can also be assumed that these rewards will increase sat-
isfaction because they increase the social contact people have with
each other and the meaningfulness of work [43, pp. 193–202], and
this in itself may enhance performance.
A frequently considered compositional factor is the degree of
heterogeneity in the experiences, interests and abilities of team
members. Diversity is particularly thought to be valuable when
projects involve a multiplicity of tasks and require a range of skills.
The evidence of this having a positive effect on performance thusfar is, however, limited as some studies have found no relationship,
including Campion et al.’s [41] study. Yet these studies may in-
clude tasks that were more standardized or required less creativity
than is the norm in software engineering, which may explain the
lack of association.
Diversity in age [41] and tenure [7] was found to be related to
performance. Whilst the groups in our study did not have a great
deal of diversity in age, and tenure was not applicable to them,
these variables may be treated as proxies for experience. The diver-
sity in experience of the groups was mainly in their use of software
languages and methodologies, and to a lesser extent in their work-
ing in groups, but this was not extensive.
2.3.2. Team processes
Campion et al. [41] identiﬁed four team processes that may be
positively associated with group performance: potency – the belief
that a team can function effectively and fulﬁll its goals [44]; social
support – members helping and positively supporting each other;
workload sharing – equality of input to the group, as opposed to so-
cial-loaﬁng or free-riding; and cooperation – effective communica-
tion, cooperative working and sharing of information. These are all
commonly identiﬁed in the social psychology literature as contrib-
uting to effective teamworking, which should have beneﬁcial ef-
fects on task accomplishment.
2.3.3. Team cohesion
Cohesion is, in lay terms, the chemistry of the group. It is con-
cerned with the extent to which the members of ‘‘a group stick to-
gether and remain united in the pursuit of goals and objectives’’
[45, p. 124]. Cohesion entails individuals perceiving that they be-
long to a particular group and having strong affective feelings to-
wards the group so team morale is high [44]. In the agile team
context, Whitworth and Biddle posited and showed that high cohe-
sion is likely to be associated with ‘‘strong feelings of excitement’’,
that the team ‘‘gelled’’ and individuals ‘‘clicked’’ [46, p. 27].
Meta-analyses of team cohesion’s relationship with perfor-
mance outcomes have revealed varying correlations, but the most
recent by Beal et al. [47] produced a corrected mean correlation of
0.17. Various dimensions of cohesion, for example task or interper-
sonal, were all found to be signiﬁcantly related to performance. An
earlier meta-analysis showed that this relationship was not mod-
erated by group diversity, that is, cohesion does not have more ef-
fect in diverse teams [48]. A longitudinal study has shown that the
direction of causality is from cohesion to team performance [49],
but within the lifetime of a project it is likely that they have a re-
ciprocal relationship, as high performance levels of subtasks in-
crease cohesion, whilst groups struggling to achieve outputs may
become disunited.
Whilst cohesion and the process characteristics are assumed to
have direct effects on performance, it may be that they also, or
even solely, moderate the relationship between key input vari-
ables. For example, Shin and Park [50] found that group cohesion
strengthened a positive relationship between the competency level
of groups and performance in a Korean manufacturing company.3. Models of the relationship between agile methods and
teamwork in models of performance
We have outlined the concepts used by Williams et al. [33] and
Campion et al. [41] to characterize agile and team processes in or-
der to provide us with a starting point for empirical investigation
of whether agile methodology can outperform other methods.
Using our triad of concepts – XP practices, XP-speciﬁc team prac-
tices, and general team factors – we will now outline a set of com-
peting hypotheses about the performance of projects, which are
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3.1. Additive models of agile performance
If genuine teamwork is integral to the success of agile, and min-
imal adherence to its collective protocols is not sufﬁcient as
Highsmith and Cockburn say [9], then the XP practices and team
factors are complementary. Each adds an ingredient that the other
does not. This, the simplest model of performance, thus expects the
XP practices, the XP-speciﬁc team factor, and the general team
factors (design, processes and cohesion) to each have some positive
effect on performance. This can be formally stated as:
Hypothesis 1. XP practices, XP-speciﬁc team factor, and general
team factors are each uniquely associated with team performance.3.2. Dominant factor models of agile performance
However, a competing set of hypotheses to the simple additive
model could ﬁrstly be founded on the assumption that one type of
practice drives the performance of the team and hence dominates
the other. There are grounds for arguing that any one of the triad
plays this role.
Consistent with group literature that has identiﬁed the
team characteristics that affect team performance (e.g. [7,6,41]),
we might expect general team characteristics to dominate,
thus:
Hypothesis 2. General team factors are uniquely associated with
team performance.
However, within the team literature, Gersick [51] in particular
emphasized that the methodology adopted by the team may be
most important for its development. If we follow this emphasis,
we would expect that the XP practices would be most strongly
associated with performance. We thus will test:
Hypothesis 3. XP practices are uniquely associated with team
performance.
Yet it may be that the distinctive features of XP practices are the
way they engender collaboration through collective ownership.
This would imply that XP-speciﬁc characteristics dominated, thus:
Hypothesis 4. The XP-speciﬁc team factor is uniquely associated
with team performance.3.3. Multiplicative models of agile performance
A second competing set of hypotheses can be constructed on
the assumption that there are synergistic effects amongst the prac-
tices. The thesis that agile practices should be used as a package
and that its social side is as important as its techniques, which is
widely expounded in the literature [36], typically implies that all
the practices are synergistically related. The argument is that, on
the one hand, the techniques that deﬁne XP are crucial but, on
the other hand, their success depends on groupworking. This im-
plies that the impact of the approach will be enhanced by effective
teamwork, which in turn suggests a multiplicative model, not the
additive model of Hypothesis 1, thus:
Hypothesis 5. XP practices and the interactions between them and
(a) the XP-speciﬁc team factor and (b) general team factors, are
associated with team performance.Since cohesion is a fundamental team concept, sometimes trea-
ted as the most important small group variable (e.g. [52]), it may
be that this is critical in binding not only the team but also the
workings of the agile techniques. This would imply that interac-
tions involving team cohesion are the critical elements in a theory
of agile performance.
It can be hypothesized that group protocols, norms and values
will not develop or at least affect individuals if they do not perceive
themselves to be part of a group and to value membership of it.
This suggests that of the interactions in Hypothesis 5, those
between XP practices and cohesion (within the general factor
vector) ought to be the most powerful. It might even be argued
that if the team is not cohesive, its use of XP methods will have
little or no effect as they depend on the successful negotiation
and development of ways of working, that is, group processes
adequately developing voluntary norms and shared under-
standings. This suggests that cohesion is the main effect and
there is a strong interaction between XP methods and team factors,
thus:
Hypothesis 6. Team cohesion and the interaction between it and
XP practices are uniquely associated with team performance.If cohesion is so decisive, it might even be that divisive groups
apply the agile method so badly that their performance is substan-
tially adversely affected, in which case the interaction will domi-
nate, thus:
Hypothesis 7. The interaction between team cohesion and XP
practices is associated with team performance.3.4. Mediation models of agile performance
A ﬁnal approach is to posit one or other of the factors as driving
both the performance and the level of the other factors. The most
plausible possibility is that adherence to the agile protocols drives
the teamworking and cohesiveness of the team. In commonly
accepted research design terms, this implies that team factors
mediate the relationship between the dominant factor, agile
methodology, and performance.
An argument for this might begin with two assumptions. First,
that a minimal level of compliance to an organizationally man-
dated development methodology, in this case XP, may be expected
of project teams. Second, that the level of cohesion or even team
characteristics is not independent of the degree of adherence to
agile methods. In group theory terms, the procedures and norms
of the agile method can be treated as institutional norms that are
mandated by external authorities [53]. Since these act as demands
and not just constraints on what the team should do, they may
drive teams to develop strong norms and protocols. Initial discus-
sion of the methods is likely to be decisive in this and particularly
the establishment of the momentum through which a sense of
belonging, team morale, and the more detailed norms required to
embellish and enact the XP methodology develop. This logic im-
plies that the XP methods are the main drivers of performance
and that the team cooperativeness and perhaps other team charac-
teristics follow from them.
This would mean that the team factors mediate the relationship
between XP methods and performance, as speciﬁed by Hypothesis
3, and in the extreme have no effect on performance in the
absence of high ﬁdelity to XP methods. This can be represented
thus:
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performance, and (a) the XP-speciﬁc team factor and (b) general
team factors, including cohesion, mediate this relationship.
A more speciﬁc version of this hypothesis would posit that the
XP-speciﬁc team factor affects team processes, and perhaps above
all else the level of cohesion, and therefore these mediate the XP-
speciﬁc team factor–performance relationship.
Hypothesis 9. The XP-speciﬁc team factor is uniquely associated
with team performance, and team processes and cohesion mediate
this relationship.
4. The study design
We designed a study to test the nine competing hypotheses
through assessing the role in the performance of software engineer-
ing teams of XP practices, the XP-speciﬁc team factor and general
characteristics of the teams relative to the XP methodology. In out-
lining these competing hypotheses we are adopting the ‘‘method of
multiple hypotheses’’ that Chamberlin [54] presented to the US
Academy of Science in 1890 as a way to encourage more rigorous
and impartial research. Tests of the competing hypotheses are de-
signed to reveal positive support for one hypothesis but in so doing
they also enhance the support for this by excluding the alternatives.
4.1. The objective of the study
To test the competing hypotheses we assess the association be-
tween the performance of project teams and measures of their
agile methods application, adherence to agile-speciﬁc team proto-
cols and general team factors.
4.2. The context of the study
The study involves teams of undergraduate and postgraduate stu-
dent software engineers, working within a university-owned soft-
ware engineering house on commercial or internal projects where
the XP method is the mandated development methodology. The
house was set up with intertwined objectives, to provide: (a) student
projects that were not library- or laboratory-based but had outputs
that would be applied; (b) clients with good value-for-money ser-
vices particularly for small- and medium-size businesses in the local
region; (c) the university with a laboratory for observing software
development in action and hence pursue its interest in empirical
software engineering; and (d) a small income stream to supplement
the computer department’s teaching and research incomes.
All the teams are co-located and work in one of two large com-
puter rooms with small rooms available for team meetings or
meetings with the client. The ‘real life’ nature of the projects means
that students present their completed software to their clients at
the end of the project with a view to their deploying it.
The clients submit an assessment of the teams’ performance
regardless of whether its solution was selected for implementa-
tion. Along with the teams’ lecturers, the software house manager
monitors the students’ progress and helps themwith any problems
or queries they have.
Each team’s mark for examination purposes is based on assess-
ment by two lecturers, who ﬁrst independently give the project a
score and then meet face-to-face to agree a common assessment.
The students in each team are given an individual grade, which
is based on the assessment of the team’s output but with some
allowance being made for individual differences in contribution.
Assessment of the team takes account of the client’s report. Cri-
teria for assessing the product’s performance included: the quality
of the code; test documentation (including automated tests); easeof the product’s use; understandability; completeness; innovative-
ness; robustness; and the happiness of the client with the solution.
Although agile methods eschew documentation, and the teams
produced little engineering documentation as the project pro-
gressed, they were expected to produce guidance on the software’s
use and maintenance for the client. It is this that is being assessed
in the documentation component of the assessment as it is viewed
as a critical part of project delivery.
Our sample consisted of 40 teams, each with a minimum of
three individuals, and the median was four. Projects ran for be-
tween 10 and 22 weeks, some concurrently, with students advised
to work for 15 hours each per week, although students’ timesheets
typically reported a higher number of hours. All 40 teams in the
two years of our research project provided all the data that we re-
quired. The total number of students who participated in this study
was 141. The projects were of varying complexity and a variety of
programming languages was used across the projects, but tended
to be one or other of JAVA, PHP, JavaScript, and Flash/Actionscript.
Clients were external and fee payers, but some in our sample
were within the software house or university. In the case of exter-
nal clients the vast majority was small business owners but a small
minority was larger businesses commissioning small projects to
support their staff or explore a new technology. The commercial
value of each ranged from $20,000 to $40,000.
The projects that the teams in our study completed fell into ﬁve
categories:
1. Business applications for mobile devices; these often included a
synchronization facility to a central database.
2. Data-driven websites with document management and sched-
uling-type features.
3. Ecommerce websites, often with a stock control element.
4. Desktop data-driven business software.
5. Online and desktop-based eLearning tools.
The students attended formal courses in agile methods and a set
of sessions on the nature of the projects and agile methods, which
included detailed examples of previous projects. Both these inputs
included exercises that the students had to work through, some in
teams, and upon which they received direct feedback. The teaching
team was the same for all these courses.
4.3. Data collection
Performance, our dependent variable, was based on the average
of the ratings of individuals in each team, which we obtained from
university records. Aggregating values of such measures to the
team level should only be done if there is sufﬁcient agreement in
the individual-level scores within the majority of teams. This can
be assessed using the James et al. [55] index of agreement. In the
case of teams’ individual performance ratings the median index
of agreement was 0.997, which is well above the often-
recommended cut-off point of 0.7 [55].
Information on the independent variables was collected by self-
completion questionnaires distributed immediately after the
teams had completed the project. The questions used are reported
in Appendix A. All individuals in the teams completed the ques-
tionnaires and the team scores for each of the measures were
based on the average of the individuals’ responses. These could
all be aggregated to the team level as the median index of agree-
ment varied from 0.67 to 0.99.
4.4. Measures
To measure XP practices, we used the Shodan survey measures
of adherence to XP for foundations, customer planning and
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measure, teaming, to measure the XP-speciﬁc team factor. In
measuring each dimension separately, we are diverging from the
approach of Williams et al. [33] who, while grouping their ques-
tionnaire items in the aforementioned four theoretical categories,
treated them as measuring a unidimensional phenomenon: adher-
ence to XP.
Our decision is justiﬁed by a factor analysis on the items, which
found that a four-factor model ﬁtted the data signiﬁcantly better
than a one-factor solution and that the four factors corresponded
to the four separate dimensions of XP (this is reported in Michae-
lides et al. [56]). An 11-point scale from 0% to 100% (in 10% incre-
ments) was used for all the Shodan questions. We used the weights
identiﬁed by the factor analysis to develop the measures of each
dimension.
We used Campion et al.’s [41] measures of team inputs – the de-
gree of participation, task variety, interdependence and heterogene-
ity of the team – and processes – potency, social support, workload
sharing, and cooperation. The full details of these are in Appendix A.
Most questions included three items. For example, participation
was measured by: ‘‘as a member of a team, I have a real say in
how the team carries out its work’’; ‘‘most members of my team
get a chance to participate in decision making’’; and ‘‘my team is de-
signed to let everyone participate in decision making’’.
For team cohesion, following Bollen and Hoyle’s [57] lead, we
used a two-dimensional measure of the individual’s perceived
cohesion that determines the individual’s sense of belonging and
feelings of morale. We used Chin et al.’s [58] survey questions,
which they had adapted from Bollen and Hoyle’s original questions
(see Appendix A).
4.5. Analysis procedure
We used the multiple linear regression model, the standard
statistical technique for modelling and analyzing several variables,
to test the competing hypotheses. In contrast to Pearson’s correla-
tion analysis which tests the association between two variables, for
example performance and adherence to agile methods, regression
analysis allows assessment of the relationship between one vari-
able – the dependent variable – which in this case is performance,
and a set of independent variables, these being XP methods and
team characteristics. Regression assesses how the typical value of
the dependent variable changes when any one of the independent
variables is varied while the other independent variables are held
ﬁxed. Each model parameter (coefﬁcient) for each independentTable 2
Mean and standard deviations for all the measures (N = 40).
Variables Mean SD 1 2 3 4 5
1 Performance 63.07 7.59
2 Participation 3.96 0.42 0.25
3 Task variety 3.60 0.56 0.30 0.63***
4 Interdependence 3.37 0.36 0.11 0.52** 0.34*
5 Heterogeneity 3.73 0.47 0.20 0.42** 0.19 0.21
6 Potency 3.48 0.74 0.45** 0.71*** 0.73*** 0.22 0.33
7 Social support 3.77 0.62 0.29 0.81*** 0.81*** 0.42** 0.40
8 Workload sharing 3.21 0.73 0.35* 0.54*** 0.55*** 0.07 0.20
9 Cooperation 3.81 0.49 0.52** 0.63*** 0.65*** 0.09 0.37
10 Belongingness 5.57 0.91 0.39* 0.76*** 0.68*** 0.32* 0.40
11 Team morale 5.08 1.18 0.50** 0.69*** 0.73*** 0.08 0.25
12 Foundations 2.31 0.88 0.30 0.18 0.12 0.12 0.03
13 Customer planning 1.72 0.77 0.08 0.28 0.19 0.27 0.04
14 Craftsmanship 3.22 0.79 0.27 0.26 0.16 0.15 0.04
15 XP-speciﬁc team factor 3.28 1.09 0.47** 0.37* 0.38 -0.23 0.15
* p < .05.
** p < .01.
*** p < .001.variable is estimated to what it should be if all other independent
variables were constant in the sample. For example, the model
parameter for the independent variable cooperation is estimated
from the data to what it would be if all teams had the same level
of adherence to agile methods. This same level is set to the average
adherence in the sample.
The signiﬁcance of a regression model is gauged by using the F
statistic, a measure of the model’s goodness of ﬁt, which tests
whether a model with one or more independent variables is signif-
icantly better in explaining the variability of the dependent vari-
able than a model without those independent variables. The
same test can be used to contrast two models. For example, a mod-
el that includes a set of interactions can be compared with one
without the interactions to see whether it explains more variability
in the dependent variable.
The signiﬁcance of each of the model parameters is assessed
using the t statistic, which tests whether a model coefﬁcient is sig-
niﬁcantly different from 0. Although any estimate we obtain is un-
likely to be exactly 0, the fact that these are obtained from a
speciﬁc sample means that we need to assess the probability of
obtaining the speciﬁc sample if these coefﬁcients were in fact 0.
This is done by dividing each coefﬁcient by its standard error to
calculate the t statistic which is then evaluated on the sample’s t
distribution according to the appropriate degrees of freedom.
In our case we are evaluating the strength of the relationship
between three types of variables: XP practices, XP-speciﬁc team
factor and general team factors. If for example all three types were
found to be directly related to performance then this would sup-
port Hypothesis 1 that they all contribute to performance. If how-
ever only one of these types of factors is signiﬁcantly associated
with performance then the results offer support for one of the
dominant factor models; for example if it is general team factor
variables then Hypothesis 2 is supported but Hypotheses 3 and 4
are not conﬁrmed. Further details of the speciﬁc tests for each
set of hypotheses are given in the results section.
5. The results
5.1. Descriptive statistics
Descriptive statistics (mean and standard deviations) and corre-
lations (Pearson product-moment) for the study’s variables are dis-
played in Table 2. The majority of the correlations are signiﬁcantly
greater than zero. However, these are predominantly amongst the
team variables, including XP-speciﬁc team factor (teaming). The6 7 8 9 10 11 12 13 14
*
** 0.83***
0.66*** 0.62***
* 0.78*** 0.80*** 0.65***
** 0.78*** 0.87*** 0.57*** 0.73***
0.82*** 0.82*** 0.74*** 0.81*** 0.88***
0.12 0.05 0.20 0.06 0.16 0.12
0.20 0.23 0.23 0.16 0.21 0.12 0.65
0.22 0.15 0.38* 0.13 0.18 0.29 0.16 0.34*
0.44** 0.39* 0.34* 0.54*** 0.39* 0.57*** 0.19 0.34* 0.54*
Table 3
Regression model of agile methods and key team variables on performance (N = 40).
Model 1 Model 2
B Std. Error t B Std. Error t
Foundations 5.124 1.473 3.478** 5.584 1.349 4.141***
Customer planning 2.982 1.785 1.671 5.143 1.747 2.945**
Craftsmanship 0.027 1.506 0.018 0.646 1.411 0.458
XP-speciﬁc team factor 3.361 1.085 3.097** 0.752 1.290 0.583
Cooperation 7.540 3.32 2.271*
Morale 0.070 1.364 0.051
Intercept 58.883 4.636 12.701*** 33.503 9.504 3.525***
F (df1,df2) 6.517(4,35)*** 7.046(6,33)***
R2 0.427 0.562
DF 5.071(2,35)*
DR2 0.135
* p < .05.
** p < .01.
*** p < .001.
Table 4
Regression model for performance with foundations–craftsmanship interaction effect
(N = 40).
B Std. Error t
Foundations 0.521 0.154 3.376**
Customer planning 0.520 0.155 3.377**
Cooperation 0.554 0.111 5.002***
Craftsmanship 0.128 0.117 1.090
Foundations  craftsmanship 0.311 0.141 2.205*
Intercept 0.048 0.108 0.449
F (df1,df2) 10.74(5,34)***
R2 0.6123
DF 2.861
DR2 0.065
* p < .05.
** p < .01.
*** p < .001.
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especially highly correlated (0.88, see Table 2, rows 10, 11), as they
were in the original Bollen and Hoyle [57] study. Both are also
highly correlated with workload sharing and social support. Of
the XP practices’ dimensions, foundations is not correlated with
any other dimensions; craftsmanship is, however, correlated with
the other two dimensions – customer planning and XP-speciﬁc
team factor (teaming) – which are correlated with each other. Po-
tency, cooperation, belongingness, team morale and teaming are
signiﬁcantly correlated with performance.
5.2. Testing Hypotheses 1–4: The additive and dominant models of
agile performance
We can test both the additive and dominant models of perfor-
mance using a single analysis. The ﬁrst stage of this established
that there was no relationship between the majority of general
team factors and performance; when we control for the other team
characteristics, only cooperation is signiﬁcantly related to perfor-
mance, and of the two cohesion variables it is team morale not
belongingness that is signiﬁcantly related to performance. It fur-
ther revealed that there was no need to control in the models for
the age of the students, their degree type or the length of the pro-
ject. The average age of the team members, whether the team was
composed of undergraduate or postgraduate students, and the
length of the project were not signiﬁcantly related to performance.
Diversity in experience or skills was captured by the teams’ own
assessment through the heterogeneity measure.
We thus excluded insigniﬁcant variables and included all XP
practice variables, XP-speciﬁc team factor and team cooperation
and morale in our main analysis. Table 3 (columns 2–4) ﬁrst re-
ports a model just with the XP practices which shows that the
XP-team factor is positively related to performance but founda-
tions is negatively related to it. Model 2 (columns 5–7) included
cooperation and morale and shows that cooperation is signiﬁcantly
related to performance but morale is not, and that XP-team factor
is no longer signiﬁcantly related to it, which suggests that cooper-
ation may mediate the relationship between the XP-team factor
and performance. In addition customer planning is positively re-
lated to performance in the second model which implies that coop-
eration is suppressing the effect of customer planning. By including
cooperation in the equation we are adjusting the performance
scores for cooperation, and in so doing revealing that customer
planning is associated with performance, controlling for coopera-
tion. Foundations remains negatively related to performance.
From these results we can conclude that the teams’ adoption of
XP practices and the way it functions are associated with perfor-
mance; no one factor dominates. Both the XP method and XP-spe-ciﬁc team characteristics are important but of the general team
factors, only cooperation is signiﬁcant in our study. The negative
association between foundations and performance, however, is
not as predicted.
These results thus partially support Hypothesis 1, and hence
Hypotheses 2–4 can be rejected, as they show that the XP-speciﬁc
team factor and at least one factor from the other two types of vari-
ables, XP practices and general team factors, are signiﬁcantly related
to team performance. But the direction of the relationship between
foundations and performance is the opposite of our hypothesis.
5.3. Testing Hypotheses 5–7: Multiplicative models of agile
performance
The second stage of our analysis to test Hypotheses 5–7 in-
volved investigating the moderating effect of both types of team
factors on the XP-practices–performance relationship. That is, to
assess if the strength of the association between XP practices and
performance is enhanced for example as team cohesion increases
(as in Hypothesis 6). This is done by adding interaction terms to
models used in stage one, such as the multiplication of team cohe-
sion and the XP-speciﬁc team factor.
Tests for interactions with the signiﬁcant variables from the
analysis so far reveal no signiﬁcant relationships. Thus, cohesion
and cooperation do not strengthen the impact of customer plan-
ning or the XP-speciﬁc team factor on performance, nor do they re-
duce the negative relationship between foundations and
performance. There is thus no support for Hypotheses 5, 6 or 7.
Further analysis of the interactions between the four dimensions
of agility, however, revealed that the impact of foundations on per-
formance varies with the degree of craftsmanship. The results, re-
ported in Table 4, show that the interaction effect is signiﬁcantly
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manship increases, the strength of the negative relationship be-
tween foundations and performance intensiﬁes. Fig. 1 displays
this effect, showing that the best combination is low foundations
and high craftsmanship. Teams practicing, in Williams et al.’s [33]
terms, craftsmanship, which are attempting to work at a consistent
sustainable pace and with simple design concepts, appear to ﬁnd
that following the foundations limits the results of their work more.5.4. Testing Hypotheses 8 and 9: Mediation models of agile
performance
Our ﬁnal stage investigated whether the XP method drives the
way the teams function and their level of cohesion, so that the
XP–performance relationship is mediated by team factors as in
Hypothesis 8, or whether the XP-speciﬁc team factor, mediated
by team processes and cohesion, is the driver of performance as
in Hypothesis 9. We used the standard procedure for testing medi-
ation, outlined by Baron and Kenny [59], which entails ascertain-
ing: ﬁrst, that the mediated variable is related to the mediating
variable, and this in turn is related to performance; and second,
that the relationship between the mediated variable and the out-
come variable is signiﬁcant when the mediator is excluded in the
variable but is either insigniﬁcant or its power considerably weak-
er when the mediator is in the model.
Our test for mediation reveals that team variables do not medi-
ate the effects of XP practices on performance; that is, cooperation
and the XP-speciﬁc team factor do not mediate the effect of cus-
tomer planning or foundations on performance. Hypothesis 8 is
thus not supported.
Team processes are not related to the XP-speciﬁc team factor so
they cannot mediate the XP-speciﬁc team factor–performance-0.8
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Fig. 1. Interaction effect between foundations and craftsmanship.
Table 5
Mediation model for cooperation and performance (N = 40).
Step 1 (DV: Performance) Step 2 (DV
B Std. Error t B
Foundations 5.124 1.473 3.478** 0.061
Customer planning 2.982 1.785 1.671 0.282
Craftsmanship 0.027 1.506 0.018 0.090
XP-speciﬁc team factor 3.361 1.085 3.097** 0.339
Cooperation
Intercept 58.883 4.636 12.701*** 3.334
F (df1,df2) 6.517(4,35)*** 7.235(4,
R2 0.427 0.453
DF
DR2
* p < .05.
** p < .01.
*** p < .001.relationship. However, it is mediated by team cooperation. Table 5
shows that the XP-speciﬁc team factor is signiﬁcantly associated
with performance when cooperation is not in the model (see Ta-
ble 5, block 1), and it is signiﬁcantly associated with cooperation
(Table 5, block 2) but it is no longer signiﬁcantly associated with
performance when cooperation is added to the model (Table 5,
block 3). Cooperation thus mediates the relationship between the
XP-speciﬁc team factor and performance. Hypothesis 9 is thus sup-
ported for one of the team process variables.
The results support Hypothesis 1 to the extent that examples of
all three types of variables are uniquely associated with perfor-
mance. Teamwork is important, but it is the XP-speciﬁc team fac-
tor, not general team factors, that is signiﬁcant. Of the XP practices
only customer planning is related to performance in the predicted
positive direction. The negative relationship between foundations
is not consistent with Hypothesis 1, whilst craftsmanship’s only
role is as a moderator of this relationship. In the case of team fac-
tors, only cooperation is related to performance. Whilst team fac-
tors do not mediate any relationship between the three XP
practices, and hence Hypothesis 8 is not supported, the XP-speciﬁc
team factor–performance relationship ismediated by a team factor
– cooperation – so Hypothesis 9 has some support.6. Discussion
6.1. Implications
This study has shown that all XP practices (foundations, cus-
tomer planning and craftsmanship) and the XP-speciﬁc team factor
are signiﬁcant for team performance. However, the XP practices
inﬂuence performance in varying ways. Customer planning and
the XP-speciﬁc team factor are signiﬁcantly positively related to
performance: the former relationship is direct, whereas the latter
is mediated by cooperation. Foundations’ relationship with perfor-
mance is, however, negative. Craftsmanship plays a role by inten-
sifying that relationship.
In addition to the XP factors, of the general team variables (task
design, task interdependency, team composition, potency, social
support, workload sharing, cooperation and morale) only team
cooperation is related to performance. None of the large set of gen-
eral team factors is important in explaining performance.
Moreover, cooperation’s impact reﬂects its link to the XP-spe-
ciﬁc team factor. Its level is largely a reﬂection of the use of the
XP practices and adoption of the core norms of collective working
that constitute the XP-speciﬁc team factor, that appear to account
for levels of cooperation in the team. Cooperation within the group: Cooperation) Step 3 (DV: Performance)
Std. Error t B Std. Error t
0.093 0.658 5.593 1.315 4.252***
0.113 2.493* 5.139 1.719 2.99**
0.095 0.945 0.662 1.353 0.49
0.069 4.938*** 0.763 1.255 0.608
7.657 2.369 3.232**
0.294 11.360*** 33.353 8.907 3.745***
35)*** 8.71(5,34)***
0.497
10.446**
0.07
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use of XP-speciﬁc team factors.
Overall the study indicates that XP factors do not emerge auto-
matically from effective teamwork. Teams that stick to the core XP
practices gain a competitive advantage even over teams that are
cohesive and work well together. The lack of a role for the majority
of the general team factors highlights the value of distinguishing
these from the XP-speciﬁc team process. This, coupled with the
fact that we have tested competing hypotheses, strengthens the
conclusion that the agile methodology is important for explaining
the effective performance of teams, and their level of cooperative-
ness, at least in this sample.
However, the negative relationship between foundations and
performance reduces any claim that XP practices together repre-
sent what might be termed ‘‘the high performance software
engineering method’’. It appears that pursuit of some of the key
processes involved in XP practices such as pair programming re-
duces the performance of the team as gauged by the product it pro-
duces. The negative relationship between foundations and
performance could reﬂect how following some of the fundamental
testing and pair programming practices of XP creates barriers to
producing high quality products, at least in the time period that
was allocated for the engineering. Our study only considers the
quality at the point of delivery, but it may be that the real beneﬁts
of foundations are revealed in advantages for the user, and these
only materialize after delivery. However, if no post-delivery bene-
ﬁts are forthcoming, then the implication is that these barriers
have a stronger inhibiting effect on performance as craftsmanship
increases. It would appear that in teams practicing craftsmanship,
which are attempting to work at a consistent sustainable pace and
with simple design concepts, following the foundations limits the
results of their work more than those not doing this.
Our measures of XP practices can perhaps be treated as quanti-
fying a continuum of low to high levels of adoption of the XP prac-
tices. If this is the case then the research can be interpreted as
showing that (a) XP methods when fully adopted lead to superior
performance over traditional methods and not just over more lim-
ited adoption of agile methods, and (b) the explanation for this is
not reducible to their association with good teamwork. Perhaps
though, one must be a little cautious in drawing this conclusion,
not least as other researchers have argued that some planned-
driven methods are compatible with agile methods [29,21,19,60];
and more importantly, we do not know if those teams that did
not greatly embrace the XP methods were using the methods asso-
ciated with traditional planned methods particularly well. None-
theless, our more detailed observations of teams that scored low
on the XP method showed that they worked in a way that was
more akin to the planned approach than the XP method, as they
typically delivered just a ﬁnal working system without demon-
strating iterative increments, and left the integration and testing
of the system until late in the project.
According to the contextual or contingency [61, pp. 6–7] ap-
proach to agility, it might be that teams adapted their use of agile
methods to the context. It might be argued that the low adopters of
agile methods had distinctive projects and they were adapting
their use to their speciﬁc needs, and thus had we allowed for the
type of project, the major contextual factor in this theory, the
low adopters would not have underperformed. However, the vari-
ation in the projects was not in our view sufﬁcient to expect an
interaction between the degree of complexity and the XP measures
to be signiﬁcant, and certainly not of the cross-over type that
would indicate that there is no main effect of XP principles. Other
factors that have been mooted in the literature (e.g. [27,31,36]) as
limiting the applicability of agile methods, such as the large size of
a project, a big divide between the client, and the team being vir-
tual, were not present in our study.6.2. Strengths of the study
Our focus on XP is, in our view, a major strength as (a) it is often
quoted (perhaps with little evidence) as the most used agile meth-
od, and (b) to our knowledge it is the only method for which an
adherence method (Shodan measures) has been developed. The
XP method was selected by the founder of the university software
house largely because he found the continuous testing appealing,
‘‘offering a big advantage over other agile methods’’. Also the nat-
ure of the work that the house would deal with was expected to be
small projects where the clients might not have strongly clariﬁed
requirements for which agile was seen as especially appropriate.
Another strength of the study is that we did not rely on
participants’ subjective assessment of their own performance,
and thus we have avoided the problems of common method
variance. The performance measure is based on the formal
assessment of two people who make their initial judgements
independently and take into account the client’s assessment of
the project’s ﬁtness for purpose and their own experience of the
solution’s functionality. Their allowance for individuals’ contribu-
tions to the project is made on the basis of the manager’s observa-
tions over the length of the project. They are also able to allow for
the complexity of the problem being addressed.
The measures of the independent variables, adherence to the XP
method and teamwork have been developed and validated else-
where. The measures of adherence to the XP method remain rela-
tively novel, but their face validity seems strong, as they reﬂect the
core elements of the method expounded by Beck [12], and Wil-
liams et al. [33] are one of the architects of it.
The measure with perhaps the strongest face validity is the
teaming or XP-speciﬁc team factor and this has the strongest rela-
tionship with performance. This is heartening as it may suggest
that investment in improving the other measures may yield stron-
ger results, even if these results continue to show that there may
be trade-offs or interactive effects between various dimensions.
Future research could though consider whether Williams et al.’s
[33] original dimensions could be improved.
A particular strength of the study relative to those that use stu-
dents is that the projects were for real clients and had many of the
characteristics of commercial software engineering. The university
software house was deliberately established to conduct research
studies such as this one, as it allowed the creation of homogeneous
groups of students. In particular in this case all the students had re-
ceived similar training in agile methods, had the same level of
experience of working with agile methods, related to the manager
in the same way and had the same opportunities to seek guidance
on agile methods from him. They also had the same means of ac-
cess to the clients.
The university location also gave us some advantages over
industrial contexts, as we were able to control for factors that are
not so readily controllable in other locations, and avoid confound-
ing factors that exist in organizations, such as how the team relates
to other teams, the hierarchical relations in the organization and
the effects of career structures and aspirations on the team. The
comparative studies reported by Dybå and Dingsøyr [21] did not
in fact control for these factors, nor for the ﬁdelity to agile methods
or differences in the degree of training or experience both within
and between teams. Our study is also of co-located teams so we
have none of the problems that are associated with virtual teams.
6.3. Weaknesses
There are a number of potential weaknesses in our study. First,
the performance measure is based on assessments that rely on
subjective interpretations. We are not able to assess the inter-rater
reliability of the assessments of the teams’ performance, as the raw
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corded. From interviews with the raters, however, we discovered
that divergences of 5% or above are extremely rare. We are also
not able to validate the performance ratings through correlating
them with the students’ other exam results, as the only data avail-
able is their overall grade, and this is not independent of their pro-
ject mark. Data on the students’ own assessment of the project
performance is also not available.
Alternative performance measures such as productivity
measures based on lines of code would need to be weighted or
complemented with data on the complexity of the project and
demands of the client in order to standardize the scores or control
for these. Measuring these would almost inevitably involve some
level of subjectivity and thus would not necessarily be more
reliable and may have less face validity than subjective measures
of performance.
A second possible weakness is that we rely on teammembers to
measure the independent variables, but the evidence of agreement
on these gives some conﬁdence in their validity and in some cases
the level of measurement at the individual level is the right one for
some of the concepts. For example, willingness of others to
cooperate is a perceptual measure. Measures based on external
observation may be attempted but they would rely on a judgement
that the recipient of cooperation perceives it that way.
This is the ﬁrst such study that has used Williams et al.’s [33]
measures and they may not have fully represented all features of
the agile method. For example, Michaelides et al. [56] show that
the highest factor loadings on the foundations measure are concen-
trated on the testing items. Similarly, customer planning may have
as much to do with planning in general as speciﬁcally with the cus-
tomer. Finally, craftsmanship was primarily reﬂected in the ques-
tion about sustainable pace, and simple design had only a small
loading. This may be a factor behind the negative relationship be-
tween foundations and performance and its moderation by crafts-
manship. The testing interrupts the momentum of the groups’
‘core’ work and perhaps our developers were less enthusiastic
about testing than others.
Third, omitted variables may play a role in the performance.
Whilst Campion et al.’s [41] general team measures are based on
a comprehensive literature review, other concepts such as team
reﬂexivity might yet be signiﬁcant, though they are likely to be
correlated with some of the variables we found not to be impor-
tant. We had no measures of the motivation of the students, its le-
vel or nature. Nor did we have sufﬁcient measures that capture the
client’s relationship with the team and involvement in the project.
These may be useful as they may help expose any potential tension
between being highly client-focused and following other protocols
to the letter. Moreover a key element of a team’s approach towards
their task might be the resolution of this tension. In a detailed com-
parison of three of the project teams in this study that were work-
ing on exactly the same problem, we in fact found that this was the
key way in which their orientations differed. One team developed
(through a mixture of explicit discussion and assumptions implicit
in its actions) an approach which was highly client-focused and did
not privilege all aspects of the XP method; another team, however,
attempted to jointly optimize the product (client) and process (XP)
criteria; the ﬁnal one had a less integrated or focused approach
(this case is reported in Wood et al. [62]).
Fourth, though the projects were not typical student assign-
ments, the main limitation of the study is that it focuses on rela-
tively inexperienced programmers. This may not, however, make
them that distinct from engineers in industrial contexts, as Conboy
and Fitzgerald [61, p. 14] suggest that the exposure of even expe-
rienced software engineers to agile methods is typically limited
to one or two practices.Finally, the small sample size of teams is a limitation and there
are other constraints on our ability to generalize. However, with
the exception of social support and potency, all insigniﬁcant gen-
eral team factors have sufﬁciently small t-values to suggest that
a larger sample would not reveal results that are likely to under-
mine our general conclusions. Nonetheless we have to be cautious
about generalizing the ﬁndings to (a) other teams, (b) truly indus-
trial contexts, and (c) agile methods other than XP. In particular we
cannot be certain the results would be the same if the groups had
been more diverse in terms of expertise. Such concerns about gen-
eralizability particularly apply to the negative foundation–perfor-
mance relationship. Our engineers may have been faced with a
trade-off between pursuing the foundations of XP and fulﬁlling
all of the client’s requirements in the time they had available. It
may be that this trade-off diminishes in importance as engineers
becomemore adept at using XP methods, and hence that this result
reﬂects the student or inexperienced nature of our sample. The
intensity of the trade-off may also be less if deadlines are more
ﬂuid or engineers overrun delivery dates as may be possible in
industrial contexts.
More research is required to validate our ﬁndings, especially to
establish whether the negative impact of foundations and its
apparent trade-off with craftsmanship is reproduced in non-stu-
dent samples. A similar study using other agile methods and par-
ticularly Scrum [63], which it may be argued is even more
oriented towards promoting teamworking than is XP, would be
particularly valuable.7. Conclusion
This study has contributed to two neglected areas in empirical
software engineering: post-adoption performance and the role of
teams in engineering methods and particularly innovative agile
ones. It has shown that two key elements of the XP methodology
– customer planning and its speciﬁc protocols for teamwork –
are important to its success. The client and team foci of the XP
method, which many take to be its distinguishing characteristics,
are then its critical active ingredients [9]. Any success achieved
by teams working with XP methods is not simply a reﬂection of
their enhanced use of teamwork. In fact the team’s cooperation is
dependent on the use of XP-speciﬁc team protocols such as collec-
tive ownership and coding.
Adopting the view that theory develops in conjunction with
empirical analysis, the implications for theory development are that
it ought to focus particularly on the customer-focused and XP-team
practices and the importance of cooperation. Further thought needs
to be given to ways of conceptualizing XP practices and reﬁning the
Shodanmeasures [33], andmore generally agile methods. Research
could also extend beyond performance to other outcome variables
such as the well-being and work–life balance of engineers and even
users, and also to where and why agile methods are used.
As of now, the advice to practitioners would be that minimal
use of XP methods or indiscriminate concentration of some of its
elements is not likely to work. Rather, the more customer planning
and team code management are adopted, the better the perfor-
mance of the team in terms of producing a satisfactory
user-friendly, high-quality solution for the client. Users of XP
might consciously attend to avoiding potential tensions between
adherence to its foundations and craftsmanship dimensions. The
more detailed advice from Conboy and Fitzgerald [61] – for exam-
ple on the need to monitor whether staff members are being neg-
ligent or lazy in implementing agile methods – should also be
heeded.
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Appendix A
Questionnaire items in the scales.
XP practices
In this question estimate how frequently you applied the
following practices fully
Foundations
What percent of your changes were tested with automated
unit tests before they were integrated into the application?
What percent of your requirements had corresponding tests
speciﬁed by the client?
What percent of your code line items were written AFTER an
automated test was developed for the corresponding
scenario?
What percent of your work (design, analysis, coding) was
done in pairs?
What percent of the time did you stop to clean up code that
has already been implemented without changing
functionality?
Customer planning
What percent of the time do you get quick interaction with
your clients when needed?
What percent of your releases were about 3 months apart
with interim iterations of 2 weeks?
What percent of your meetings were shorter than 20 min?
Craftsmanship
What percent of the development time would you say was
evenly paced (i.e. working the same number of hours each
week)?
What percent of your code conforms to the statement: ‘Keep
your code simple’?
XP-speciﬁc team factor
In this question estimate how frequently you applied the
following practices fully
What percent of the time did you integrate and check-in your
code on a daily basis?
What percent of your time did you follow your team coding
standards?
What percent of code ﬁles were edited by people other than
the original author?
Team inputs:
To what extent do you agree with the following statements?
Participation/Involvement equality
As a member of my team I have a real say in how the team
carries out its work
Most members of my team get a chance to participate in
decision making
My team is designed to let everyone participate in decision
makingTask variety
Most members of my team get a chance to learn different
tasks the team performs
Most everyone on my team gets a chance to do the more
interesting tasks
Task assignments often change from day to day to meet the
workload needs of the team
Task interdependence
I cannot accomplish my tasks without information or
materials from other members of my team
Other members of my team depend on me for information or
materials needed to perform their tasks
Within my team, jobs performed by team members are
related to one another
Heterogeneity
The members of my team vary widely in their areas of
expertise
The members of my team have a variety of different
backgrounds and experiences
The members of my team have skills and abilities that
complement each other
Team processes:
Potency
Members of my team have great conﬁdence that the team can
perform effectively
My team can take on nearly any task and complete it
My team has a lot of team spirit
Social support
Being in my team gives me the opportunity to work in a team
and provide support to other team members
My team increases my opportunities for positive social
interaction
Members of my team help each other out at work when
needed
Workload sharing
Everyone on my team does their fair share of
the work
No one in my team depends on other teammembers to do the
work for them
Nearly all the members on my team contribute equally to the
work
Cooperation/Communication within the team
Members of my team are very willing to share information
with other team members about our work
Teams enhance the communication among people working on
the same project
Members of my team cooperate to get the work done
Team cohesion:
Divide into the two elements
To what extent do you agree with the following statements?
Feelings of belonging
I feel that I belong to this group
I am happy to be part of this group
I see myself as part of this group
Feelings of morale
This group is one of the best anywhere
I feel that I am a member of this group
I am content to be part of this group
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